Purpose The literature lacks recent epidemiological studies on the incidence, trauma mechanism and fracture classification of distal femur fractures. The aim of the present study was to provide up-to-date information concerning the incidence of distal femur fractures in a large and complete population and to report on the distribution of fracture classification, trauma mechanisms and patient baseline demographics. Methods The approach for this study was via a retrospective reviews of records. Results A total of 293 patients were treated for 302 distal femur fractures between 2005 and 2010. The mean age at the time of fracture was 62.2 years. The mean age was 44.0 years for males and 71.6 years for females. The gender distribution was 33.4% males and 66.6% females. The overall incidence of distal femur fractures was 8.7/100,000/year. After the age of 60 years, a rapid increase in the incidence of distal femoral fractures was observed in both genders, with a large female predominance. Low-energy injuries were the most common mode of injury in both genders (97%), with approximately 61% being the result of a fall from standing height. AO classification type A (extra-articular fractures) was the most common of all fractures (38.6%). Eighty-four patients (28.7%) were admitted with periprosthetic fractures, corresponding to an overall incidence of periprosthetic fractures of 2.4/100,000/year.
Introduction
Fractures of the distal end of the femur are rare, with the literature reporting a prevalence of 0.5% of all fractures [1] . Incidence rates of distal femur fractures have only been reported in a small number of studies [1] [2] [3] [4] , with the most recent reporting an overall incidence of 7.0/100,000/year during a one-year period (2010-2011) from a well-defined, adult population in Scotland [1] .
Court-Brown et al. [1] reported fractures of the distal femur as a classic fragility fracture, with the mean age of patients reported as 67.3 years and the vast majority of fractures (83%) occurring in women. It is likely that the demographic shift towards an aging population will result in an increasing incidence of distal femur fractures in the future. Most studies available in the literature have primarily focused on adult patients, lack incidence calculations based on exact population sizes [1] [2] [3] [4] [5] [6] . Due to these limitations, new epidemiology studies on distal femoral fractures are needed.
Furthermore, the vast majority of epidemiology studies on distal femur fractures lacks validated fracture classifications and/or information about the trauma mechanism [1] [2] [3] [4] [5] [6] . The change in demographics towards an aging population, higher traffic safety and a more active lifestyle throughout life may all be factors resulting in changes in the trauma mechanism, fracture classification and distribution of fractures among genders and age groups. The literature lacks recent epidemiology studies including information on fracture classification and trauma mechanisms.
The frequency of periprosthetic fractures of the distal femur has been investigated in several studies [1, 7] . Court-Brown et al. [1] reported an increasing number of periprosthetic fractures of the distal femur representing 15.4% of fractures in 2007-2008 increasing to 27.8% in 2010-2011. Partly as a consequence of the aging population, the frequency of total knee arthroplasty (TKR) is increasing [8] . Moreover, patients tend to live longer and have more active lifestyles, resulting in an increase in the need for revision surgery associated with a risk of bone loss from the revision procedure and increasing the risk of a periprosthetic fracture [7] . The frequency of periprosthetic fractures of the distal femur following TKR is reported between 0.3 and 5.5% for primary TKR and up to 30% following the revision procedure [7] . However, the modern literature lacks information on the incidence of periprosthetic fractures of the distal femur calculated on the basis of accurate population sizes, as well as studies of fracture classification and trauma mechanisms.
The aim of the present study was to provide up-to-date information concerning the incidence of distal femur fractures in a large and complete population spanning six years and to report on the distribution of fractures according to the AO classification, trauma mechanisms and patient baseline demographics.
Material and methods
This epidemiological study of distal femur fractures was conducted between 2005 and 2010 at Aalborg University Hospital, Denmark. The study was performed in the northern region of Denmark, with an average population of 576,364. The average population in northern Denmark, divided into ten-year age groups, is shown in Fig. 1 .
The region is served by a level 1 Trauma Centre, and other regional hospitals. Patients from all hospitals were included in this study. Denmark has a unique opportunity to perform population-based studies. Danish health regulations requires that all contacts with health care providers are registered in the Danish National Patient Registry [9] . A Civil Registration Number (CPR) is given to all residents and digitally registered in the national Civil Registration System. All information concerning the health care contacts are registered [10] . This system provides researchers with a unique and accurate registry of all health-related contacts on a population-and individual-based level.
A retrospective review of all patients diagnosed with an unspecified femur fracture or a distal femur fracture in the study period was found in The Danish National Patient Registry (DNPR) [9] , and a review of all patients' medical and radiology records was undertaken. Patients who were misclassified or who resided outside northern Denmark at the time of fracture were excluded. Clinical information regarding age, gender and mode of injury was obtained. The mode of injury was defined as a fall from >1 m, a standing fall, a road traffic accident (RTA), a sports injury or other causes. Fractures identified on X-rays were classified according to the AO classification [11] . Computer tomography (CT) scans were used when available.
Statistical analysis
Normal distribution was checked by Q-Q plots. For continuous variables mean values and 95% confidence intervals (95%CI) are given. Percentages and frequencies are given for categorical data. The data analysis was performed using Stata (version 14). Table 1 shows the frequency of fractures in age-groups.
The overall incidence of distal femur fractures between 2005 and 2010 was 8.7/100,000/year. The overall incidences for males and females were 5.9/100,000/year and 11.5/ 100,000/year, respectively. The incidence by age group was nearly constant (below 7.0/100,000/year) in the first six decades of life for both genders. After the age of 60 years, a rapid, continuous increase in the incidence of distal femoral fractures was observed for both genders, with a large female predominance reaching a peak incidence of 213/100,000/year. Peak incidence in males reached 43/100,000/year (Fig. 1a) .
The distribution of incidence of distal femoral fractures divided into year of admission and gender shows a substantial year-to-year variation over the years from 2005 to 2010 (Fig.  1b) . A yearly analysis of age at the time of fracture from 2005 to 2010 is presented in Fig. 1c , showing no change in the average age at fracture over the observation period.
The distribution of fracture types according to the AO classification is shown in Table 2 . It is apparent that the two most common fracture types are the 33-A1 (simple extra-articular fracture) and the 33-A2 (simple or fragmented wedge extra-articular fracture). Type 33-C (complex articular fracture) is less common. Table 3 shows the mode of injury of distal femur fractures divided into fracture classification and gender. High-energy trauma accounts for 7.2% of male fractures and 1.5% of female fractures. Low-energy injuries are by far the most common mode of injury in both genders, with approximately 61% being a result of a fall from a standing height.
Further subgroup analysis shows that 84 of the 302 fractures were periprosthetic fractures (27.8%). The mean age (95%CI) of patients with periprosthetic fractures was 77.4 (73.6-81.2) years. The gender distribution was 15 (17.9%) males and 69 (82.1%) females. The mean age of females and males with periprosthetic fractures was 81.5 (45.8-97.3) and 60.2 (45.3-75.2) years, respectively.
The overall incidence of periprosthetic fractures of the distal femur between 2005 and 2010 was 2.4/100,000/year. The overall incidence for males and females were 0.9/100,000/year and 3.9/100,000/year, respectively. Figure 1d shows the incidence of periprosthetic fractures of the distal femur divided into year of admission and indicating a substantial year-to-year variation in incidence. No tendency towards an increase in the incidence of periprosthetic fractures was observed throughout the years 2005-2010.
Discussion
Little information regarding exact incidence calculations and epidemiology of distal femur fractures is available in recent literature. This study was based on a well-defined and accurate population size and showed an overall incidence of 8.7/ 100,000/year for distal femur fractures between 2005 and 2010. Court-Brown et al. [1] reported a slightly lower one-year (2010-2011) incidence of 7.0/100,000/year from a well-defined adult population in Scotland. Moreover, Ng et al. [2] reported an overall incidence of distal femur fractures of 4.5/100,000/year between 1984 and 2007 in Olmsted Country, Minnesota, USA. An earlier study by Kolemrt et al. [3] reported an incidence of 5.1/100,000/year of distal femur fractures between 1969 and 1976 in Malmö, Sweden. The higher incidence reported in the present study may be explained by the different time periods examined, difference in methodologies, the use of estimated population sizes and/or the exclusion of children in other studies. Moreover, Court-Brown and Caesar [4] reported a rapidly changing incidence, primarily the result of an aging population and a change in the mode of injury (Table 4) .
Based on data from the present study, distal femur fractures are characterized by female predominance and increasing incidence with older age, which describe a classic fragility fracture. The present study found a 66% female predominance with an incidence that increased from 12/100,000/year in the 61-70-year age group to 213/100,000/year in the 91+ year age group. These findings are in line with previous studies reporting an increasing incidence with increasing age, especially in older females [1] [2] [3] [4] .
The frequency of fractures show a bimodal distribution with a small peak in frequency in the adolescents followed by a decline until the age of 50 years. Above the age of 50 a rapid increase in frequency is observed. This information is novel. This indicates that distal femoral fractures are mainly a fracture in the adolescents and in patients above the age of 50 years.
It is likely that, with an aging population, we should expect an increase in the overall incidence of distal femur fractures in the future. The present study reported an annual incidence of distal femur fractures between 2005 and 2010 and did not show an increase in the incidence from 2005 to 2010. This may be due to an increase in the general health of the elderly population, which may have shifted the mean age at the time of fracture towards fractures later in life and the six-year observational period of the RTA road traffic accidents present study might not be long enough. Moreover, the present study showed an annual variation between 6.2 and 10.0/ 100,000/year in the incidence of distal femur fractures between 2005 and 2010, indicating a substantial year-to-year variation.
The substantial year-to-year variation in fractures was supported by Ng et al. [2] showing a high yearly variation in femur fractures in Olmsted Country, Minnesota, USA. Moreover, fractures of the distal femur are relatively uncommon, and even a small difference in numbers on a year-to-year basis would account for a substantial difference in incidence. The present study included 302 fractures in a six-year period, which is high compared with the incidence of distal femur fractures reported by other studies.
Taking the considerable year-to-year variation and the low incidence of fractures into account, caution regarding conclusions on trends in the epidemiology of distal femoral fractures is warranted. Furthermore, epidemiological studies on rare fractures should include both year-to-year variation and the exact number of fractures in question. Other potential factors influencing the incidence of distal femur fractures among senior citizens might include an increased awareness in the treatment of osteoporosis and fall prevention programs. The present study showed that low-energy injuries were the most common mode of injury in both genders (97%), with approximately 61% being the result of a fall from a standing height. These findings are supported by Court-Brown et al. [1] , who reported that 86% of all distal femur fractures were caused by a fall from a standing height. In contrast, Martinet et al. [6] reported that 53% of fractures were a result of a traffic accident, and only 33% occurred at home. This observed difference may have been due to a difference in the studies' observational periods (as the study of Martinet et al. [6] was conducted between 1980 and 1989). Moreover, a change in demographics towards an elderly population, an increase in traffic safety and a more active lifestyle throughout life may result in better health quality later in life. While distal femur fractures are rare, proximal femur fractures are common [1] . Similarly, most of both fractures are caused by low energy trauma [1] . However, the design and data in the present study is not adequate to give any explanation to this major difference in incidence between proximal and distal femoral fractures. More research is needed to address this important question.
AO classification type A (extra-articular fracture) was the most common of all fracture types followed by types B (partial articular fracture) and C (complex articular fracture). AO type 33-A1 was the most common fracture, representing 22.9% of all fractures in the present study. This was comparable to a recent study by Pietu et al. [5] , which reported that the most common fracture type was 33-A1, representing 23.5% of all fractures in France from 2011 to 2012. However, Piteau et al. reported that AO type C fractures accounted for 37.2%, which is different from the findings of the present study of only 6.4% of fractures in the AO group 33-C. The reason for this difference is unclear, as age, gender and mode of injury were comparable to those in the present study population. However, the findings of the present study are supported by Zhang et al. [12] , who reported that AO type A was the most common fracture type, followed types B and C.
Twenty-eight percent of patients in the present study population experienced a periprosthetic fracture, which is comparable to the findings of Court-Brown et al. [1] , who reported that 27.8% of all distal femur fractures were periprosthetic fractures. To the best of our knowledge, this study is the first to report the overall incidence of periprosthetic fractures in a group of patients with distal femur fractures. Between 2005 and 2010, the overall incidence was 2.4/100,000/year. The overall incidence in males and females was 0.9/100,000/year and 3.9/100,000/ year, respectively. As a consequence of the aging population, the frequency of total knee arthroplasty (TKR) is increasing [8] . Moreover, patients tend to have a more active lifestyle, and we should therefore expect an increase in the incidence of periprosthetic fracture in the future. This is supported by Court-Brown et al. [1] , who reported an increasing number of periprosthetic fractures of the femur, with 15.4% of all distal femur fractures in 2007-2008 increasing to 27.8% in 2010-2011. Surprisingly, no tendency towards an increase in the incidence of periprosthetic fractures was observed in the preset study in the years 2005-2010. This difference may be caused by the observed annual variation between 1.7 and 3.1/100,000/ year in the incidence of periprosthetic fractures in the distal femur between 2005 and 2010, indicating a substantial yearto-year variation. Hence, longer observational periods to establish a trend in the development of periprosthetic fractures of the distal femur are needed.
The main strengths of the present study include the exact population size, increasing the accuracy in the incidence computation and the inclusion of all ages. Furthermore, a strength of the study is the classification of fractures based on radiological assessment in the study, which excludes misclassified fractures. Moreover, a likely limitation may be the differences in coding between physicians and hospitals, which may decrease the true incidence of fractures. However, reporting to the DNPR is mandatory in Denmark, and allocation of resources between health providers is based to some extent on the reporting to the DNPR. The DNPR is commonly recognized as one of the world's most valid health registries [13] . A further limitation of the present study is missing radiology of approximately 10% of the population, which is mainly due to a gradual change to digital X-ray systems in the observational years. Moreover, some baseline characteristics are missing due to non-adequate chart documentation at the time of admission to hospital.
Conclusion
This study shows an incidence of 8.7/100,000/year of distal femur fractures. After the age of 60 years, a rapid increase in the incidence of distal femoral fractures was observed for both genders with a considerable female predominance. AO classification type A (extra-articular fracture) was the most common of all fractures, followed by types B (partial articular fracture) and C (complex articular fracture). Low-energy injuries were the most common mode of injury in both genders (97%), with approximately 61% being the result of a fall from a standing height.
